Abstract: We present a perfect terahertz absorber that operates over numerous incidence angles. The two-fold symmetry of rectangular fishnet structures allows either complete absorption or mirror-like reflection depending on the orientation of the electric field.
The samples used for this work were fabricated using standard photolithography in a bottom-up fashion. First, the ground plane was fabricated on a 1 mm thick silicon wafer by using e-beam deposition of 200 nm of gold (Au). On top of the Au film a thick layer of polyimide was spin coated and subsequently cured at 250˚C for an hour. The cured-polyimide film has a refractive index of 1.85 with absorption of 20 cm -1 . The metallic fishnet structures were formed on the polyimide layer using another 200 nm Au deposition. The size of the rectangular hole in the fishnet films is 150 µm × 75 µm with a periodicity of 180 µm. The principle of operation of this metamaterial is similar to a Fabry-Perot cavity except the semi-transparent mirror was replaced by a metallic fishnet layer. We have simulated terahertz reflection from such composite medium using Microwave Studio and it shows that most of the electromagnetic energy is dissipated in the polyimide film as depicted in Fig. 1(a) .
We measured the absorbance of these metamaterials using a fiber-coupled photoconductive antenna based THz time domain spectrometer. The system is capable of measuring angle-dependent reflection with a minimum angle of incidence of 20˚ for both transverse electric (TE) and transverse magnetic (TM) polarizations. During these measurements the orientation of the incident THz electric field was carefully aligned parallel (E ║ ) to the short axis of the rectangular hole. The Au ground plane is optically thick, which blocks all THz transmission and makes our absorption measurements simpler. The specular reflections from the metamaterials were compared with the reflections from a perfect mirror to calculate the absorbance. Fig. 1(b) compares the TE absorbance of such absorbers as a function of the thickness of the polyimide spacing layer for an incidence angle of 20˚. There is an
CTuBB4.pdf 978-1-55752-890-2/10/$26.00 ©2010 IEEE optimum thickness of the polyimide layer for which the absorption reaches unity; in our case this thickness is 22 µm. The resonant frequency was blue-shifted when the polyimide thickness was reduced from 42 µm to 22 µm. To understand the angle dependent absorption, we restricted our measurements to the sample made with the 22 µm thick polyimide film. The sample was measured at various angles of incidence for both TE and TM orientations. Fig. 2(a) and (b) show the absorption for TE and TM incidence, respectively. At TE incidence the absorption remains over 99% for an incident angle up to 40˚ and after that we observed a gradual decay. The absorption peak frequency shows a blue shift with increasing angle of incidence. The absorber works more efficiently for TM incidence at higher incident angle. Measured absorptions remain almost 100% for 60˚ angle of incident. We did not increase the angle of the incident more than 60˚ because of the finite size of the sample. Again, the absorption peak shows a red shift with increasing angles of incidence. The angle dependent absorption peak frequency and the absorbance are shown in Fig. 2(c) . The angle dependent absorption frequency for TE and TM appear to be converging to a single frequency at normal incidence, as they should. Our measured data predicts the absorption frequency for normal incidence around 0.78 THz. Both TE and TM polarizations show a strong dependence of the peak absorption frequency on the angle of incidence. This can benefit some applications such as mechanically tunable absorbers. We have not noticed any significant change in the absorption line width.
We also measured THz reflections in the TE polarization where the electric field is oriented perpendicular (E ┴ ) to the short axis of the rectangular hole, and the incidence angle is 20˚. The comparison to E ║ data is shown in Fig.  2(d) . The absorber shows almost mirror like reflection for E ┴ orientation with reflection amplitude as high as 95% indicating very low absorption. However, with the same configuration, the reflection amplitude for the E ║ orientation is almost zero, nearly complete absorption. The two fold symmetry of our absorber design might be useful for designing polarizing mirrors for circularly polarized THz beams. Combined with thermal detectors these absorbers might find application for precise frequency-selective detection of THz radiation. It is also worth noting that the absorption peak frequency can be tuned dynamically by introducing special dielectrics as the spacer whose permittivity can be controlled by electrical or optical fields. This work was performed in part, at the Center for Integrated Nanotechnology, Los Alamos National Laboratory. We gratefully acknowledge support from the DOE/LANL LDRD program.
